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An Important r e s u l t  of recent atmospheric inves t iga t ions  has been the 
detelmination of t h e  atmospheric heating i n  the  auroral zones. Jacchia and 
Slowey f i n d  that on geomagnetically quiet days the  upper-atmospheric temp- 
e ra tu re  in the  auroral zones i s  essent ia l ly  the  same as that a t  the equator 
and that the  heating that accompanies geomagnetic per turbat ions in the 
au ro ra l  zones is fou r  o r  f ive  times greater than the  heating during these 
perturbations i n  low l a t i tudes .  
l a t i t u d e s  NASA launched Explorer 19 on 19 December 1963. 
as one of the chief experimenters using the da ta  from this balloon satellite. 

To fur ther  these inves t iga t ions  a t  high 
Jacchia pa r t i c ipa t ed  

To obtain a de ta i l ed  representation of the  ea r th ' s  g rav i t a t iona l  po ten t ia l ,  
recent determinations by Imre Izsak of the coe f f i c i en t s  of t he  t e s s e r a l  
harmonics and by Yoshihide Kozai of the zonal harmonics 
bodies of data  f o r  severa l  s a t e l l i t e s .  One of these w a s  ANNA. U s e  of t he  
data from f l a s h  a s  w e l l  a s  solar-illuminated observations gave a s l i g h t l y  
b e t t e r  determination of i t s  o r b i t  than tha t  obtained without the f l a s h  data. 
Agreement between f l a s h  and solar-illuminated observations w a s  very sa t i s f ac to ry .  

have employed vast 

Simultaneous observations of ANNA were made by two o r  more camera s t a t i o n s  
t o  provide a means f o r  more precise  measurement of dis tances  between land 
masses. Corrections i n  the coordinates of the camera s t a t ions  have already 
been accomplished by t h i s  method. 

Information on the geometrical shape of the e a r t h  and the  r e l a t i v e  
loca t ion  of points on it can be obtained from accurate determinations of t he  
posi t ions of s a t e l l i t e - t r ack ing  s ta t ions.  SA0 uses two methods t o  improve 
the  accuracy of s t a t i o n  coordinates--one dynamical, t he  o the r  geometrical, 
The most recent appl icat ion of the dynamicalmethod adjusted the s t a t i o n  
coordinates a t  the same time as it determined the coe f f i c i en t s  i n  the geo- 
p o t e n t i a l  representation. 
approach and some 40,000 Observations, i s  in preparation. 

A paper by George Yeis, using P sewwhat d i f f e r e n t  

Under a spec ia l  co-operative agreement with S i r  Bernard Zlovell's 
Nuffield Radio Astronomy Iaborator ies  a t  Jodre11 Bank, England, we have been 
conducting s tudies  of f l a r e  stars, using the Baker-Nunn cameras and the 
250-foot radio telescope a t  Jodre l l  Bank. 
observations were undertaken t o  discover possible similarities between t h e  
f l a r e  a c t i v i t y  on d i s t a n t  stars and that on our own sun. 
Small events a r e  now being correlated.  

These simultaneous rad io-opt ica l  

Data from severa l  

During the period July 1 t o  December 31, 1963, SA0 was responsible f o r  
t racking Explorer I, Vanguard 11, Vanguard 111, Explorer V I I ,  Echo I, the  
Echo I rocket body, Explorer VIII, Explorer M, Tiros V I ,  and Explorer XDI. 
I n  addi t ion,  the Observatory provided t racking back-up f o r  launches and 
produced spec ia l  predictions and observations f o r  SA0 staff s c i e n t i s t s  and 
o ther  agencies t h a t  requested them. 



The tracking s t a t ions  received 45,449 predictions of s a t e l l i t e  passages, 
from which they made 17,877 cuccessful observations. 
Photoreduction Division determined 13,363 precise  s a t e l l i t e  posi t ions.  

The Observatory's 

Outstanding p e r f o m n c e s  of t he  B a k e r - N u n n  system included: photographing 
mirror re f lec t ions  from Telstar 11; 
apogee-kick-motor f i r i n g ;  
Centaur AC-2, later determined t o  be nose fa r ings  ca r r i ed  in to  o r b i t  with the 
payload 

sequence photography of the  Syncom II 
and photographing and de tec t ing  extraneous p a r t s  of 
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DATA ACQUISITION 



STATION OPERATIONS 

(Baker-Nunn camera s t a t ions )  

During the  period of t h i s  report S ta t ion  Operations continued t o  
t r ack  s a t e l l i t e s  both on assignment from t h e  National Aeronautics and 
Space Administration and t o  meet special  needs of Observatory s c i e n t i s t s .  
I n  1963 w e  sent 82,734 predictions t o  t h e  Baker-Nunn camera s ta t ions ,  
which made 32,895 successful observations (see t a b l e  1). 
average f o r  t h e  year was 40 percent. 

The system 

W e  are continuing the  programs t o  renovate t h e  Baker-Nunn camera 
o p t i c a l  systems and t o  improve t h e  operation of t he  Norman Time 
Standard through b e t t e r  t r a in ing  and maintenance. 

We have continued our planning f o r  a s t a t i o n  i n  Ethiopia. Specifi-  
cat ions a r e  being drawn up f o r  the  buildings, and a b id  f o r  t he  roof has 
been re,quested from Predesign Building Company. 

The prototype precision timing system i s  s t i l l  i n  rout ine operation 
a t  t he  Florida t racking s t a t ion .  
t i o n  models t o  t h e  Electronic Engineering Company of California ( the  
manufacturers of t he  prototype system) t o  obtain a p r i ce  quotation. We 
a r e  studying a proposal received from EECo i n  November and expect construc- 
t i o n  t o  begin within the  next six months. 

We forwarded specif icatJons f o r  produc- 

Equipment and instrumentation 

Basic equipment a t  t h e  s ta t ions  operated s a t i s f a c t o r i l y  with routine 
mechanical and e l e c t r i c a l  maintenance. 

-1- 
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Mechanics and opt ics  of Baker-Nunn cameras--We inspected and repaired 
t h e  cameras i n  New Mexico, Florida, and Hawaii and overhauled those i n  
Australia and Japan. 
i n  September. 
Peru, and Jspan within t h e  next s ix  months. 
t een th  m i r r o r  ready t o  c i r cu la t e  i n  t h e  f i e l d  t o  expedite t h e  rest of t h i s  
work. 

The mirror a t  t h e  Florida S ta t ion  was realuminized 
We expect t o  complete work on t h e  mirrors i n  Curagao, Spain, 

W e  hope soon t o  have a t h i r -  

We have awarded t o  t h e  Perkin-Elmer Corp .  a contract  t o  re furb ish  a 
corrector c e l l  from t h e  CuraSao s t a t ion .  This c e l l  w i l l  be i n s t a l l e d  as 
soon as possible a f t e r  i t s  completion i n  June. The contract  a l s o  covers 
fabr ica t ion  of a pro tec t ive  window t o  prevent moisture and d i r t  from dam- 
aging t h e  very de l i ca t e  surface of t h e  corrector-cell  element. The first 
window w i l l  be i n s t a l l e d  i n  p r a c a o  along with t h e  ref'urbisned cor rec tor  
c e l l .  Windows w i l l  l a t e r  be i n s t a l l e d  a t  t h e  o ther  s t a t ions .  

Norrman timing system--We have in i tda t ed  t h e  use of triggered-sweep 
oscilloscopes fo r  improved time-signal i n t e rp re t a t ion  i n  a l l  t h e  s t a t ions .  
An improved WWV receiver has been supplied t o  South Africa. 
c i l l a t o r  has been i n s t a l l e d  i n  New Mexico, and similar u n i t s  nave been 
shipped t o  Argentina and South Africa. The remaining o s c i l l a t o r s  have 
been under test  i n  our laborator ies .  We are continuing t h e  study of 
timing inaccuracies as p a r t  of a program t o  de tec t  major sources of 
d i f f i c u l t y  in  t h e  ex i s t ing  equipment. 

A Sulzer os- 

Stat ion vehicles-Argentina bas received i t s  1963 Ford crew-cab, and 
South Africa i t s  loca l ly  purchased 1963 In t e rna t iona l  Harvester panel van. 
A Willys Wagoneer should a r r i v e  i n  Peru i n  ea r ly  February. 

Observer t r a in ing  program 

To date 22 men have successfully completed t h e  observer t r a i n i n g  
program and have been placed a t  f i e l d  s t a t ions .  
provides each man with a broad sample of Observatory a c t i v i t i e s  and a c t u a l  
f i e l d  experience. 
more sure ly  decide whether he i s  capable of, and in t e re s t ed  in ,  t h e  a c t i -  
v i t i e s  of a tracking s t a t ion .  

The t r a i n i n g  period 

Before signing an employment agreement, he can therefore  

Duringthe period of t h i s  report  6 new observers successfully completed 
t h e i r  t ra in ing .  
experienced observers were t r a ined  i n  t h e  use of new equipment and procedures. 

They have now been assigned t o  t racking  s t a t ions .  Two 

-4- 



MOONWATCH 

During t h i s  report  period t h e  Moonwatch Program consisted of 15  
"precision, " 30 "standard, " and 150 "limited" teams and independent af - 
fi l iates.  
Jec t s  (see table 2).  

They reported 3805 observations of more than 100 o rb i t i ng  ob- 

Special  assignments included ass i s t ing  with t h e  t racking  of Explorer I X  
during a period of i n s t a b i l i t y  and t h e  post-launch t racking of t h e  first 
Centaur and of Explorer XIX.  
correspondence were-issued t o  make technical  advice and- ins t ruc t ion  avail- 
able t o  v isua l  observers. 

New Moonwatch publications and individaul  

We began a study (funded. by grant NsG 563 as wel l  as NsG 87/60) 
of t h e  f e a s i b i l i t y  of airborne visual observing as a means of t racking 
decaying s a t e l l i t e s .  I n  f i v e  f l i gh t s  i n  USAF C-130 a i r c r a f t  observers 
successful ly  acquired and tracked Echo I and Ekplorer I X ,  using standard 
a i r  navigation equipment. 

Table 2 

MOONWATCH OBSERVATIONS 

No. of Observations 
S a t e l l i t e  Received 

1958 Alpha 

1959 Alpha 1 
Beta 1 

2 
Eta 
I o t a  1 

1960 Beta 2 
Epsilon 3 
Zeta 1 
Eta 1 

3 
Io ta  1 

2 
3 
4 
5 

Nu 1 
2 

x i  1 
2 

P i  2 
1961 u p h a  1 

2 
Delta 1 

2 

166 
1 

55 
42 
56 
38 
3 

29 
11 
2 
1 

362 
217 

40 
6 

31 
3 

19 
46 

7 
7 
1 

412 
13  

2 

No.- of Observations 
S a t e l l i t e  Received 

1961 Delta 3 6 
Nu 46 
Omicron 1 108 

2 58 
3 12 
others  42 

Rho 1 7 
Sigma i 73 

4 1 
A - D e l t a  1 31 
A-Eta 1 3 

1962 Beta 1 11 
4 3 

Zeta 1 3 
2 1 

Io t a  1 5 
Kappa 1 40 
Omicron 1 11 

2 7 
Sigma 1 8 
Omega 1 29 
A-Alpha 1 34 
A-Epsilon 1 7 

2 87 
A-Xi 1 14 
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S a t e l l i t e  
No. of Observations 

Received 

A-Ups i l o n  
A-Psi 1 

2 
B-Alpha 1 

2 
B-Theta 1 
B-Kappa 
B-MU 1 

2 
B-Tau 1 

2 
5 
6 

B-Upsilon 1 
2 

B -Chi 
B-Psi 1 

2 
1963 3A 

5A 
9A 

B 
lOA 

B 
l3A 

B 
1963 14A 

17A 
G 

21A 

34 
40 

5 
44 
a1 
10 

257 
106 

6 
7 

12 
2 

30 
26 
43 
20 
a 
5 

107 
10 
67 

2 
1 2  
11 
4 

40 
54 
11 
55 
1 

S a t e l l i t e  

22A 
B 

24A 
B 

2% 
B 

26A 
27A 
29A 
3oA 

D 
3% 
3% 

B 
35A 
38A 

B 
C 

39c 
4 3  

47A 
B 

B 
C 
D 
F 
G 

50B 
5 3  

B 

No. of Observations 
Fkceived 

11 
2 
6 
1 
1 
1 

11 
14 
1 

44 
6 
1 

12  
38 
4 

34 
21 
20 
1 

137 
1 

52 
10 

4 
6 
2 
9 
4 

12  
6 

Total  3805 

TOTAL MOONWATCH OBSERVATIONS through 1963 

Period Number of Observations Received 

Fourth Quarter 
Third Quarter  
Second Quarter 
F i r s t  Quart e r 

1668 
23-37 
1903 - 1327 

Total  7035 

c 



COMMUNICATIONS 

New services  and equipment 

By October 1 eight  of our camera s t a t i o n s  w e r e  successful ly  t e s t i n g  t h e  
new 222 observational report ing format developed for use with t h e  recent ly  
i n s t a l l e d  IBM-47 tape-to-card machine. I n  December the  12 Baker-Nunn sta- 
t i o n s  reported 3322 observations on the redesigned passage-record forms. 
The new system 'has grea t ly  reduced the t i m e  between t h e  rece ip t  of obser- 
vations and input t o  t h e  computer. 

W e  requested GSA t o  i n s t a l l  a te le type reper fora tor  i n  i t s  M i a m i  
o f f ice  t o  faci l i ta te  message handling between SA0 and t h e  Jupi te r ,  Florida,  
t racking s t a t ion .  

Plans - 
W e  plan t o  replace t h e  two Model-19 te le type  machines with the  newer 

Model 28 machines f o r  more e f f i c i e n t  and f l e x i b l e  operation. 

Back-up rad io  te le type  equipment f o r  t h e  Argentina s t a t i o n  should be 
i n  operation during t h e  next, reporting period. 

Because t h e  message t r a f f i c  over our lease- l ine  t o  Goddard i s  heavy, 
w e  a r e  discussing w i t h  NASA Communications Branch t h e  p o s s i b i l i t y  of having 
t h e  c i r c u i t  speed stepped up t o  100 wpm and of placing t h e  c i r c u i t  i n  full- 
duplex operation. 

-7- 



DATA PROCESSING 



DATA D M S I O N  

The data Division compute:; predictions of s a t e l l i t e  posi t ions f o r  
t he  various sa te l l i t e - t racking  stations;  derives o r b i t s  from observation:; 
made by Baker-Nunn, Moonwatch, o r  other trackiiig s ta t ions ;  prepares 
smoothed and mean o r b i t s  (from both field-reduced and photoreduced data) 
f o r  publication i n  SA0 Special  Reports; records infomat ion  that may 
a f f e c t  research on s a t e l l i t e  o r b i t a l  data; publishes predictions,  o r b i t a l  
elements, and equator crossings; and handles the routine technica l  corres-  
pondence of the  Satell i te-Tracking Program. The divis ion i s  a l s o  respon- 
sible f o r  preparing and publishing the SA0 S t a r  Catalog. 

Nominal and revised early-tracking predictions were derived f o r  a l l  
NASA launches f o r  the  Baker-Nunn cameras and some Moonwatch s ta t ions .  
These to t a l ed  1024 predictions f o r  four objects.  

We processed the  n o m 1  Baker-Nunn, Moonwatch and miscellaneous obser- 
vations and derived o r b i t s  each week, using the Di f f e ren t i a l  Orbit  Improve- 
ment program. 
these o r b i t s  t o  produce predictions f o r  the Baker-Nunn s ta t ions  and selected 
Moonwatch sites (see tab les  1 and 2 ) .  
l i t es ,  i n  addi t ion t o  objects  tracked for launch backup and other  spec ia l  
i n t e r e s t  . 

Employing the SCROGE and Ephemeris I1 programs, w e  used 

The network regularly tracked 2 1  s a t e l -  

Mean and smoothed o r b i t a l  elements were derived and published f o r  the 
s a t e l l i t e s  l i s t e d  i n  tab le  3 . We also published observations of the  satell i tes 
l i s t e d  i n  table 4. 

Table 3 

S a t e l l i t e  

1958 Alpha (Explorer I) 
1959 Alpha 1 (Vanguard 11) 
1959 Alpha 2 (Vanguard I1 Rocket) 
1959 ~t~ Ivannrr-d TTT) 

1959 I o t a  1 (Explorer VII) 
1960 Beta 1 Tiros I Rocket) 
1960 Beta 2 t Tiros I) 
1960 X i  1 (Explorer VIII) 
1960 Iota 2 (Echo I Rocket) 
1961 Delta 1 (Explorer IX) 
1961 Omicron 1 Transi t  4A) 
1961 Omicron 2 t In,jun 3 )  
1960 I o t a  1 (Echo I) 
1960 Gamma 2 (Transit  IB) 
1962 Alpha Epsilon 1 (Tels tar  I) 
1962 Beta MU 1 (Anna IB) 
1962 Beta Tau 2 ( I r i j u n  111) 
1962 Beta Upsilon 1 (Relay I) 

\ ---o---- --- 

Special  Report Number 

113, 117, 120, 1-26, 142 
113, 117, iig, 1-20, 2 6 ,  141, 142 
119 
113, 117, iip: 120, 126, 141, 142 
113, 117, EO, 126, 142 

113, 117, 20, 126, 142 

115, 117, 119, 1-20, 126, 141, 142 

117, 120, 126,' 141, 142 
126 

1 4 1  
141  

119, 141  

1 4 1  
141  

142 
142 
142 
142 
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Table 4 

S a t e l l i t e  

1958 Alpha (Explorer I) 
1958 Beta 2 (Vanguard I) 
1959 Alpha 1 (Vanguard 11) 
1959 E t a  (Vanguard 111) 
1959 I o t a  1 (Explorer VII) 
1960 Gam 2 (Transit U3) 
1960 Iota 1 Echo I) 
1960 Io t a  2 t Echo I Rocket) 
1960 X i  1 (Explorer VIII) 
1961 Delta 1 (Explorer n ~ )  
1961 Omicron 1 Transi t  4A) 
1961 Omicron 2 Iiijun-Solar Radiation 3) 
1961 Upsilon 1 I Explorer XII) 
1962 Zeta 1 Orbiting Solar  Observatory) 
1962 I o t a  1 Cosmos 2) 
1962 Io t a  2 Cosmos 2 Rocket) 
1962 Nu 2 (Cosmos 3 Rocket) 
1962 Omicron 1 s ~ I / U K ~ )  
1962 Omicron 2 S51/UK1 Rocket) 
1962 Alpha 1 ( T i r o s  I) 
1962 Alpha Epsilon 1 (Tels ta r  I 
1962 Beta Lzmbda 1 (Explorer XV 
1962 Beta Mu 1 (Anna I B )  
1962 Beta Upsilon 1 (Relay I) 
1962 Beta Chi 1 (Explorer XVI) 

l 
I 

Special  Report Nmber 

114, 130 
130 
114, 130, 138 
114, 130, 138 
114, 130 
uo, 137 
115, 131, 137 
115, 131, 138 
115, 131 
116, 132, 137, 138 
116, 132 
116, 132 
116 
116 
116 
116 
116 
116 
116 
116 
I32 
132 
I32 
132 
132 

We prepared spec ia l  predict ions f o r  objects  of pa r t i cu la r  i n t e r e s t  t o  
SA0 J.nd o ther  requesting agencies. 
Centaur AC-2, Te ls ta r  I1 mirror re f lec t ions ,  and objects  expected t o  Le-enter 
t h e  ea r th ' s  atmosphere. Predictions and o r b i t a l  elements of such objects  
as ANNA, Echo I, and the o ther  oalloon satel l i tes  w e r e  prepared for other  
t racking agencies t h a t  requested them. This service i s  i n  line with  the  terms 
of the  sa te l l i t e - t racking  grant .  These predict ions usual ly  took the form of 
look angles. Among the rec ip ien ts  were Mitre Corp., MIT, Lincoln Laboratorv. 
A i r  Force Cambridge Research Laboratory, Coastand Geodetic Survey, Raytneon, 
B e l l  Telephone Laboratory, S t a t e  University of Iowa, and Goddard Space Fl ight  
Center. 

These included Syncom I1 (see front ispiece) ,  

The completed program f o r  decoding, checking, and pwiching observations 
f o r  computer use w a s  being t e s t ed  a t  the  end of t h i s  period. 
handling Baker-Nunn data . It i s  now 

-12- 
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The star caAxlag 

The introduction t o  t h e  S ta r  Catalog is  i n  i t s  f i n a l  draft. The 
Catalog, o r ig ina l ly  completed i n  the FK3 system, has been put i n t o  t h e  
FK4 system. 
i n  Washington. 
cussed and generally accepted. 
t i o n  of t h e  EA1 data-plot ter  and are  t e s t i n g  t h e  p lo t t i ng  system. 
a l s o  asked the  Army Map Service t o  reproduce t n e  fu ture  s t a r  charts.  
bibliography f o r  fu ture  catalog work, which now contains about 1500 en t r ies ,  
w a s  begun. 
char ts .  
and t h e  FK4 were keypunched. 
SA0 catalog i n  t h e  FK3 system. 

Binary tapes  have gone through several  successful tes t  runs 
The book format of the catalog has been extensively dis-  

W e  have received t h e  necessary modifica- 
We have 

A 

Orientation angles of about 1200 galaxies were determined f o r  
Tnree catalogs of nonstellar objects  (two requir ing hand-precession) 

We completed a b r i e f  s t a t i s t i c a l  study of t h e  
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PHOTOREDUCTION DIVISION 

I n  t h i s  period t h e  divis ion determined 13,363 precise  satell i tes posi- 
t ions,  reduced t o  Al time. 
s t ead i ly  t o  increase i n  production, despite rout ine malfunctions of measuring 
equipment. 

Tie SI-ARP preparation program has allowed us 

Regular reduction of observations increased 12.5 percent over t h e  pre- 
vious report  period. During calendar year 1963 w e  determined 25,261 precise  
reductions, reduced t o  A 1  time-an increase of 3,595 (16.6 percent) over t h e  
previous year. 
completed through 31 December 1963 i s  68,693. 

The t o t a l  number of precise  posit ions,  reduced t o  Al time, 

W e  have modified a second measuring system t o  allow use of plug-in pro- 
This provides t'ne program f l e x i b i l i t y  required t o  dea l  with an gram boards. 

increasing number and var ie ty  of "special" measuring projects .  

ANNA IB--Special programming and operational changes undertaken i n  t h e  
previous report period enabled t h e  division regular ly  t o  produce precise  re- 
ductions of the geodetic s a t e l l i t e  ANNA IB .  The astrometric group completed 
735 precise  posit ions determined by measurement of f lashes  of t h e  s a t e l l i t e  
photographed on Baker-Nunn f i l m .  
used on reducing images of ANNA IBIS flashes,  t h e  time expended i n  preparing 
and reducing each f l a sh  image i s  th ree  o r  four  times a s  great as t'hat ex- 
pended on t h e  images of other  s a t e l l i t e s .  

Because of t h e  complexity of t h e  procedures 

Routine -openittuns 

The film-control section received and catalozed approximately 20,000 
f i l m s  from t h e  €!aker-Nunn s ta t ions .  
precise  reduction. 
films. 

O f  these,  10,522 were evaluated f o r  
Our Cambridze storage f a c i l i t y  now contains over 111,000 

We have continued close par t ic ipa t ion  i n  t h e  Cambridge phase of Baker- 
Nunn s t a t ion  observer t r a in ins .  
observer t ra inees  spent a t o t a l  of 76.5 days with members of t h e  divis ion 
s t a f f ,  who instructed them i n  t h e  various phases of photoreduction operation. 

During t h e  period of t h i s  report ,  nine 

Equipment -and instrtrcti-an 

We received a special  program patchboard and th ree  program panels, which 
w e  had prewired as  program plugboards f o r  one 829A comparator measuring system. 

We have engaged addi t ional  warehouse f a c i l i t i e s  f o r  our library of 
Baker-Nunn films. 
films, or two t o  th ree  years '  supply a t  t h e  current  r a t e  of rece ip t  of 
successful films from t h e  s ta t ions .  

Special shelving w i l l  be erected t o  accomodate 100,000 
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COMPUTATIONS l j I V  G10N 

The Computations Division ca r r i e s  out  work i n  applied mathematics 
and computer programming; opemtes the exist-ing compdter progmms; and 
provides a d i g i t a l  computer f a c i l i t y  f o r  SA0 staff members. When 
necessary, it buys time on the IBM-7094 computer a t  Harvard University. 

Pro jec ts  completed 

Numerical i n t egmt ion  programs--The research program designed t o  
invest igate  the  e f f e c t s  of the ear th ' s  magnetic f i e l d  on the motion of 
Explorer XI has been s a t i s f a c t o r i l y  completed. 
ished short ly .  

The r e su l t s  w i l l  be pub- 

Contour-plotting program--A program t o  compute and p lo t  the  contours 
of the  continents has been completed. A s  by-products, some general  sub- 
rout ines  were developed f o r  use with the EA1 datap lo t te r .  

SI-SPOT--This program, wr i t ten  to  f a c i l i t a t e  reduction of observations 
of a f l a sh ing  satell i te,  has been successfully completed. 

CrEOD 2-3--These programs t o  determine X,Y,Z correct ions t o  s t a t i o n  
Aside from coordinates from DO1 res iduals  seem t o  be functioning w e l l .  

some operat ional  considerations, work on the programs i s  complete. 

Periodic and near-periodic orbits--The preliminary in tegra t ion  program 
t o  invest igate  periodic and near-periodic o r b i t s  near the  c r i t i c a l  inc l ina t ion  
has been completed. 

Pro jec ts  continued 

Af te r  the  first s a t e l l i t e s  were launched i n  1957, a s e t  of standard 
forms evolved f o r  reporting ouservations, d i s t r ibu t ing  predictions,  sending 
TwX messages, and so on. The e ~ b s e q ~ e n t  deVeInpment. of the S a t e l l i t e  
Tracking Program has necessi ta ted many changes i n  format. 
new or modified formats, w e  have revised the output of the predict ion programs, 
t he  input  of t he  observation-processing programs, and the pr inted forms used 
both a t  the  s t a t ions  and i n  Cambridge. We changed t o  the  new system on 
January 1, 1964. 
our formats f o r  some time t o  come. This change af fec ted  many programs: 

I n  devising 

Hopefully, t h i s  w i l l  be the only basic change needed i n  
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Differen t ia l  Orbit Improvement Program ( D O I )  --We have incorporated 
the new observation-card format i n t o  the D O 1  and have i n i t i a t e d  plans t o  
include e f f ec t s  of the tesser t t l  harmonics i n  the theo re t i ca l  o r b i t .  
Documentation of t h i s  program i s  almost complete and a write-up should be 
issued shortly.  

Matched-track predict ion program ( S C R E E )  --The output sect ions of 
t h i s  program were modified t o  produce the TwX mssages i n  the n e w  666 
format. Phase 1 output w a s  a l s o  rewri t ten.  A new control  feature w a s  
added t o  the program t o  he lp  se l ec t  c e r t a i n  s t a t ions .  

Astrometric reduction program (ARP) --The input and output have been 
revised t o  make optimum use of the IBM-7094 computer; the change, on the 
average, saves 48 Fercent of the running time. 
more subt le  aspects of the reduction process and t o  improve the deck set-up 
f a c i l i t i e s  t o  a id  i n  running the program. 
t o  produce observation cards i n  the  new format. 

We continue t o  improve the  

This program has been modified 

The preparation program --We are s t i l l  making minor modifications t o  
t h i s  program t o  increase i t s  capab i l i t i e s  and ef f ic iency .  It i s  e s s e n t i a l l y  
i n  maintenance s t a tus .  

S t a r  Catalog --Because of the publication of the FK4 system, SA0 under- 
took t o  convert i t s  ex i s t ing  S ta r  Catalog, then i n  the FK3 system, t o  t h i s  
new system of coordinates before publication. This delay gave us a further 
opportunity t o  change the form of publication, from computer 1403 pr intout  
t o  d i r ec t  production of microfilm on an SC 4020. The f ive  aspects of work 
on t h e  S ta r  Catalog were 

1. Writing and running a program t o  eliminate dupl icate  stars from 
the bas ic  9-word format tapes .  We had previously done t h i s  w i t h  the 11- 
word format tapes.  

2 .  Updating the working catalog used i n  the preparation program t o  
1963.5, midway i n  the year i n  which observations are being reduced. 

3 .  Writing and running a program t o  convert our catalog from the 
FK3 system t o  the FK4 system. 
of 1964. 

T h i s  will be completed i n  the f i rs t  quarter  

4. Writing and running a program t o  produce the output of the S ta r  
Catalog i n  a format sui table  f o r  publishing. 

5 .  Writing (incorporating the ex i s t ing  subroutines) and running a 
program t o  use the output from the program mentioned i n  Item 4 t o  produce 
magnetic tape sui table  f o r  input t o  the SC-4020 microfilm processor. 
tapes  w i l l .  be run on a machine outside SAO. We estimate that  it w i l l  take 
90 minutes of t i m e  on the IBM-7094 computer t o  produce the magnetic tapes  
Of the published S ta r  Catalog. 

These 
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Ephemeris 0 --Additions t o  t h e  program enable it, when desirable ,  
t o  conipLite ard pr in t  lmcer t s in t ies  i n  the o r b i t a l  posit ion,  using the 
uncertaint ies  i n  the elements produced by the DOI. Work i s  i n  progress 
f o r  computing the ve loc i t i e s  (X,Y,Z) by a numerical d i f f e r e n t i a t i o n  
scheme. 

Ephemzris 2-2s --These two standard programs from the e a r l y  days of 
the t racking program have been combined i n t o  one TBM-7094 computer program. 
This eliminates the t i m e  -consuming and operat ional ly  awkward process of 
working under a compatibil i ty program. A revised write-up i s  i n  preparation. 

Tesseral harmonics --This research program has produced some r e s u l t s  
but i s  s t i l l  under development,as there is  not complete agreement about i t s  
r e s u l t s .  

Automatic processing of observations --This program, wr i t ten  f o r  t h e  
1401 computer, went i n to  fu l l - s ca l e  production on January 1, 1964. It 
can cur ren t ly  handle observations for  up t o  25 d i f f e r e n t  objects ;  it accepts  
input i n  the new 222,666 formats and produces output i n  the new observation- 
card format. We are now reviewing it and are incorporating some modifications. 
We a r e  working on means t o  treat other types of observatkm, such as Minitrack, 
i n  the same manner. 
can make no comparison on the basis of prediction, bu t  the  other  aspects  of 
t he  program w i l l  ;be per t inent .  

Since we do not issue predict ions for these sensors, w e  

Heat-flow values --We are currently wri t ing a program t o  compute general  
heat-flow values as a function of longitude and latitude by the use of spher ica l  
harmonics. 

Simultaneous observations --The program t o  compute corrections t o  s t a t i o n  
coordinates from simultaneous observations awaits further t e s t i n g .  Minor 
modifications have been incorporated and documentation of the program is  
forthcoming. 

The Newcomb operators --A phase of a large project ,  the  Laplace Coeff ic ients  
Program, w a s  completed. The cooperating M I T  s c i e n t i s t  has developed a program 
t o  compute Newcomb operators  (see Special Report No. 140). 
the program on our machine and made some extensions t o  it. 

W e  now have run 

System Programming --We have successfull-y converted from the 7090 t o  the 
7094 computer. Tne conversion d id  not  involve a l t e r i n g  the machine hardware, 
only changing our ex i s t ing  programming systems t o  make use of these n e w  hard- 
ware features. A new and more e f f i c i en t  system, BESYS 4, is  now functioning. 
Some input-output limited programs have reduced running time by as much as 
4.0 percent. 
such as the IBM-7094 computer,have made it possible f o r  us t o  car ry  out in -  
creasing amounts of computations work without appreciable increase i n  cos t .  

New techniques i n  systems, such as BESYS 4, or modified machines, 

OtLer d iv is ion  projects  include the organization and maintenance of a 
f i l i n g  scheme f o r  the program write-ups and the program l ib ra ry .  We are 
a l s o  constructing a programmer's Primer, a t r a in ing  a r t i f i c e ,  t o  he lp  reduce 
the work of t r a i n i r g  personnel. 
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New projects  

Specialized integrat ion program --This program fn tegmted  the equations 
of motion i n  double -precision. By-products are  some general Runga-Kutte- 
Gill double -precision integrat ion subroutines. 

Polynomial evaluation by c i r c l e  search --A general  program t o  f ind  the 
roots  of any pol.ynomial does not e x i s t .  We are  attempting t o  produce such 
a program by employing an improved version of an already-existing mathematical 
technique. 

Minitrack observations --A new format f o r  Minitrack observations has 
been annmnced. W e  are writing a program t o  process these observations and 
t o  produce input sui table  for  the D O I .  

Publicat  ions 

During t h i s  reporting period the  Computation Division has issued 
15 program write-ups : 

1. E. M. Gaposchkin; SIOFB1, Orbit Calculation; June 1963. 
2. W. Joughin; GIFWIUS, Vector Calculation Routine; June 1963. 
3. R. Loeser, INGE, Incomplete Gamma Function; June 9, 1963. 
4. B. Benima; LF'LCOF, Laplace Coefficients; June 12, 1963. 
5. 0. Gingerich; BABYLON, Moon-rise and-set  i n  Babylon; June 26, 1963. 
6. J. Francis; DATE, D a t e  Routine for  FMS; August 1963. 
7. J. Cherniack; 1401 Manual: 1401 Subroutines; August 1963. 
8. S. Howard; SIMO, 1/0 f o r  Simultaneous Observation Program; August 1963. 
9. J. Cherniack; 1401 Tape Subroutine Package; August 1, 1963. 
10. 0. Gingerich; AVHYD, A(H)  Opacity Routine; August 14, 1963. 
11. E. M. Gaposchkin; GI04, GI0 for  BESYS 4; September 1963. 
12. R. Taylor; BINCOP, 1401 Binary Tape Copier; September 9, 1963. 
13. M. Stein;  CCLTIM, Accurate Timing Routine; October 1963. 
14. E. M. Gaposchkin; FORGI, G I 0  Input f o r  FMS; October 1963. 
15. E. M. Gaposchkin; SIORB2, Many-Satellite Version of SIORl31; October 1963. 
16. E. M. Gaposchkin; SATPOS, S a t e l l i t e  Posi t ion i n  Sidereal;  October 1963. 
17. W. Joughin; CNTPLT, Contour Plott ing; October 1963. 
18. B. Hartstein;  SIPREP, SI-ARP Preparation Program; Ju ly  1963. 
19. 0. Gingerich; AVH2P, A ( H P )  Opaci ty  Routine; October 30, 1963. 
20. D. hutman; OSCELVAC, Coordinate Conversion; November 5 ,  1963. 
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RESEARCH AND ANAIXSIS 

S a t e l l i t e  geodesy 

. 

The e f f o r t s  i n  t h i s  f i e l d  reported half a year ago yielded a 
number of s ign i f icant  resu l t s .  That t h e  related computer programs 
have been run on the  IBM-7094 f o r  several  hours per  week indicates  
t h e  amount of computation performed. 

I n  a recent paper ( i n  press) Imre G. Izsak described i n  d e t a i l  
t h e  adopted computational schemes as w e l l  as h i s  r e su l t s  concerning 
t h e  tesseral harmonics of t h e  geopotential and the  corrections t o  
t h e  coordinates of the  12 Baker-Nunn camera s ta t ions .  
15191 precisely reduced observations of 10 a r t i f i c i a l  satell i tes t o  
obtain new least-squares estimates f o r  t he  unknowns i n  question. The 
present method seems t o  y ie ld  estimates of geophysical significance 
f o r  harmonics up t o  the  s i x t h  degree. The r e su l t s  with regard t o  t h e  
camera si tes agree reasonably well with those arr ived a t  by the  geo- 
met r ica l  method of simultaneous observations i n  cases when the  l a t te r  
are available.  

We analyzed 

D r ,  George Veis analyzed 33087 precisely reduced Baker-Nunn camera 
observations of 7 d i f fe ren t  s a t e l l i t e s  t o  obtain estimates f o r  t h e  posi- 
t i ons  of t h e  s ta t ions .  
Wombwell and Antanas Girnius. 
rec t ions  t o  t h e  s t a t ion  coordinates. These data i n  conjunction with gravi- 
t a t i o n a l  var ia t ions taken from other sources have been used f o r  t h e  deter- 
mination of t h e  several  datum shi f t s .  The following table i l l u s t r a t e s  t h e  
geodetic resu l t s :  

As i n  t h e  past, he was a s s i s t ed  by Mrs. Elizabeth 
€Us GEO 3 program computes individual  cor- 

Table 5 

Organ Pass 
Olifants  f onte i n  
Woome ra 
San Fernando 
Tokyo 
Naini T a l  
Arequipa 
Shiraz 
Curacao 
J u p i t e r  
V i l l a  Dolores 
Maui 

dx 

- 10 
31. 

2 
42 

-47 
49 

-59 
77 

-102 
-2 1 
-23 
53 

Izsak 
d Y  

19 
64 

-20 
-72 
-89 
-64 
-44 
-39 
-55 

5 
-43 

-152 

ddm)  

5 1  
-10 
13 
10 
-41 
84 

-65 
115 
-39 

0 
9 

-138 

dx 

1 
16 

-15 
-17 
-34 
28 

- 4  
46 

-49 
- 8  
-15 

9 

veis 
dY 

- 3  
9 

- 9  
-29 
-54 
-40 
-16 

5 
-17 
- 4  
-19 
-77 

- 4  
- 3  
13 
45 
36 
8 

-53 
64 

-21 
- 6  
- 4  
-72 
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D r .  Wal%er Kehnlein's work on geodetic reference surfaces w i l l  be 
reported i n  a forthcoming paper. Recently he undertook an ana lys i s  of 
t h e  geometrical s t ruc ture  of t h e  Earth's outer grav i ta t iona l  f i e l d .  
purpose of this invest igat ion is a comparison of r e s u l t s  a r r ived  a t  by 
conventional and by s a t e l l i t e  methods. A computer program designed t o  
give de ta i led  numerical r e s u l t s  i s  being developed. Dr. Kohnlein was 
also working on a redetermination of the  American and European datum 
s h i f t s .  

The 

Cni-pen Wang continued h i s  work on a possible in t e rp re t a t ion  of 
grav i ta t iona l  anomalies as revealed by the motion of satellites. 
found t h e  cor re la t ion  coeff ic ient  between t h e  e l l i p t i c y  term of t h e  geo- 
po ten t i a l  and t h e  f luc tua t ions  i n  the  heat flow over the  Earth 's  surface 
t o  be -0.82. 
of t h e  i n t e r n a l  s t ruc ture  of our planet.  I@. Wang i s  inves t iga t ing  var- 
ious mathematical models of t h e  i n t e r i o r  of t he  Earth t o  t e s t  t h e i r  cap- 
a b i l i t y  of explaining t h e  observed correlations j u s t  mentioned. 

He 

This r e s u l t  may prove t o  be important t o  an understanding 

. 
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A s  we indicated i n  our proposal of January 1963 f o r  continuation of 
the  s a t e l l i t e - t r a c k i n g  program, the unique capab i l i t i e s  of the s t a t i o n  
network and of individual  s t a t i o n s  lead t o  occasional requests  f o r  spec ia l  
observing ass i s tance .  These requests involve no s ign i f i can t  addi t iona l  
costs ;  give the f i e l d  staff prac t ice  i n  spec ia l  techniques; and provide 
s c i e n t i f i c  data t h a t  would not be available otherwise. Therefore we f i n d  
it advantageous t o  cooperate i n  these s p e c i a l  s tudies ,  some of which are 
described below. (See figure 1.) 

Solar  -s?rstem 

Dr. Joachim Schubart has studied t n e  o r b i t s  of minor planets,  the  
mean motions of which a r e  near ly  commensurable with t h a t  of Jupi te r .  
In  such cases t h e  ordinary perturbation techniques of c e l e s t i a l  mechanics 
fa i l ,  and spec ia l  methods have t o  be developed. 
t h e  nature  of perturbed motion can be gained by deriving t h e  secular  and 
c r i t i c a l  pa r t  of t h e  dis turbing function. 
computer program t h a t  constructs level  curves of t h i s  function. These 
curves, i n  turn,  can automatically be plot ted.  He appl ied t h i s  method t o  
t h e  motion of numerous minor planets such as those belonging t o  the  Hecuba 
and Hilda groups. 

Much information regarding 

Dr. Schubart has devised a 

D r .  Giuseppe Colombo and Dr. G. Fiocco of MIT collaborated on an 
in t e rp re t a t ion  of recent o p t i c a l  radar experiments t h a t  indicated t h e  
exis tence of a s ca t t e r ing  layer  i n  t h e  upper atmosphere a t  an a l t i t u d e  
between 110-140 km. They concluded t h a t  progressive fragmentation of 
meteoroids may w e l l  be t h e  cnuse of t h i s  phenomenon. This  would imply 
t h a t  most meteoroids a r e  very weak i n  s t ruc tu re  and t h a t  the r a ~ u s  of 
t h e  smallest c r y s t a l  t h a t  forms the s t ruc tu re  of meteoroids l i es  between 
0.1 and 0.01 micron. 

Comet study 

Comet Pereya, 1963 e, w a s  photagraphed by several Baker-Nunn s t a t i o n s  
between mid-September and e a r l y  November. Most f i lm  came from the s t a t i o n s  
i n  South Africa, Austral ia ,  Spain, Peru, Argentina, and H a w a i i .  The most 
s u i t a b l e  f i l m s  were measured with a microdensitometer i n  order t o  determine 
whether accurate measurements of the t o t a l  l i g h t  i n t e n s i t y  of the comet head 
could be determined from the images recorded on hker-Nunn film. A plexig lass  
defocusing lens  has been constructed f o r  the  Baker-Nunn camera, and the Flor ida 
s t a t i o n  has taken a f e w  films w i t h  it. 
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Micrometeorites project  

The micrometeorites project  of D r s  . Colombo, and Laut,man, an? Dr. Shapiro 
of t'ne MIT Lincoln Laboratory l ed  t o  furt'ner r e su l t s ,  some of which 
were reported a t  a meeting of t h e  I t a l i a n  Pnysical Society. Present 
calculat ions allow these authors t o  estimate t h e  r a d i a l  d i s t r ibu t ion  
of f lux  and density of captured dust a s  a function of t h e  area-mass 
r a t io ,  t he  veloci ty  a t  in f in i ty ,  and t h e  densi ty  a t  i n f i n i t y .  They 
found that t h e  density of c smic dust may be enhanced i n  the  v i c i n i t y  
of the  Earth by a f ac to r  10'--which i s  i n  reasonable agreement with obser- 
va t iona l  evidence. 
accuracy of t h e  r e s u l t s  and determining t h e  d i s t r ibu t ion  of t he  p a r t i c l e s  
i n  +space. 

Present e f f o r t s  a r e  directed toward increasing the  

Flare --Star -abservati-ms 

We have continued f l a r e - s t a r  observation, us ins  t h e  method described 
i n  t h e  previous report .  
hours of observation and ac tua l ly  observed f o r  155 hours. 
Baker-Nunn camera s t a t ions  a i d  i n  the study of f l a r e  stars (see f igure  2) .  
Measurement of films and reduction data a r e  proceeding slowly, but several  
small events were reported by t h e  f i e l d  s t a t ions  during t h e  October period 
of observation. 

During October and December we attempted 268.5 
Photographs from 

Correlation of these data  i s  now proceeding. 

4 
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EDITORIAL AND PUBLICATIONS 

1 %  

The S a t e l l i t e  Tracking Program issued the  following Special  Reports 
during t h i s  six-month period: 

No. 127 -- Alti tude Determination from Specular and Difmse f r o m  
Reflection by Cylindrical A r t i f i c i a l  S a t e l l i t e s  by 
R. H. Giese. 

No. 128 -- Ultraviolet  Synthesis of Adenosine Triphosphate under 
Possible Primitive Earth Conditions by Cyr i l  Ponnamperuma, 
Carl Sagan, and Ruth Mariner. 

No. 129 -- Laplace Coefficients and Their Newcomb Derivatives by 
I. G. Izsak. 

No. 130 -- Catalogue of S a t e l l i t e  Observations (C-34), prepared by 
B. Miller. 

No. 131 -- Catalogue of S a t e l l i t e  Observations (C-35), prepared by 
B. Miller. 

No. 132 -- Catalogue of S a t e l l i t e  Observations (c-36), prepared by 
B. Miller. . 

No. 133 -- The Determination of Absolute Directions i n  Space with 
A r t i f i c i a l  S a t e l l i t e s  by G. V e i s  

No. 134 -- Qn the Distr ibut ion of Surface Heat Flows and the  Second 
Order Variations i n  the  Ekternal Gravi ta t fonai  Field by 
Chi -yuen Wang . 

No. 135 -- Formulae and Tables f o r  t he  Computation of L i f e t i m e s  of 
A r t i f i c i a l  S a t e l l i t e s  by Luigi G. Jacchia and Jack Slowey. 

No. 136 -- Atmospheric Heating i n  the  Auroral Zones: A Preliminary 
Analysis of the Atmospheric Drag of t he  Injun I11 S a t e l l i t e  
by Luigi G. Jacchia and Jack Slowey. 

No. 137 -- Catalogue of Precisely Reduced Observations (P-g), compiled 
by Phyl l i s  Stern.  

No, 138 -- Catalogue of Precisely Reduced Observations (P-LO), compiled 
by Phyl l is  Stern.  
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?Io. 139 -- Opt icz l  Radar Result:: mid Meteoric Frqgmentation 
by G. Colombo and G .  Fiocco 

No. 140 -- Consti-uction of Newcomb Operators on a D i g i t a l  Computer 
b y  I. G. Izsak, J .  M. Gerard, R.  Efimba and M. P .  Barnett .  

I n  addition, numerous sc i en t i f i c  papers deriving from the  Satell i te 
Tracking Program were published i n  s c i e n t i f i c  journals  
l i s t e d  i n  the next semiannual report; 

These w i l l  be 
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